G iven the recent concern on "big governments" and rising budget deficits in the United States and European nations, there has been a fundamental economic debate on the proper boundary and role of governments in a society. Inspired by this debate, we study the relationship between information technology (IT) and government size. Drawing on a broad range of the literature from multiple disciplines such as information systems, industrial organization, and political sciences, we present several theoretical mechanisms that explain the impact of IT on government expenditures. Using a variety of data on IT spending and state government expenditures, we find that greater IT investments made by a state chief information officer (CIO) are associated with lower state government spending. It is estimated that on average, a $1 increase in state CIO budgets is associated with a reduction of as much as $3.49 in state overall expenditures. This study contributes to the literature by identifying a key technological factor that affects government spending and showing that IT investments can be a means to restrain government growth.
Introduction
In recent years, the "big government" has been at the center of heated political debates in the United States and European nations. In countries with democratic political systems, the public and their political representatives have continued to voice their concerns on rising government spending and mounting budget deficits. The challenge in the public sector, however, is that governments face as uncertain and turbulent an environment as for-profit organizations do, as is evident in natural disasters, terrorism, and economic downturns (Moore 1995 , Moore and Khagram 2004 , Swilling 2011 , and the public demand governments to be more responsive to such emerging challenges (Smith 2004 , Alford and Hughes 2008 , Alford and O'Flynn 2009 ). This has led to a fundamental economic debate among the public, the media, and academia as to what is the proper boundary and role of a government in the contemporary economy. For instance, after the financial crisis in the late 2000s and the BP oil spill in the Gulf of Mexico in 2010, whether and why the U.S. government should be involved in crises caused by private-sector industries became a subject of heated debates (Wall Street Journal 2009 , Examiner 2010 . To the best of our knowledge, however, information systems (IS) researchers have been largely silent on this important issue. In general, the IS literature has paid less attention to the public sector than to for-profit organizations (Pang et al. 2014b) .
Numerous economists and political scientists have studied the growth of governments since the nineteenth century (Larkey et al. 1981) . Witnessing a continuing expansion of the public sector for many decades and concomitant controversy over the size of government, a large body of research has studied why governments continue to grow. The literature on this issue is so broad that Lybeck (1988) classified the literature on government growth into 12 theories, and Tarschys (1975) suggested nine broad categories and 25 explanations for government growth, although both authors admit that their coverage is by no means exhaustive.
Of relevance to IS research is that this literature identifies technological development as one of the key State government spending Local government spending factors behind government growth (Tarschys 1975 , North 1985 . Specifically, the industrial revolution fueled by technological advances, income growth, and accompanying societal changes such as urbanization have led the public sector to increase its size and influence on the economy. Technology development has caused economic activities to become more complex and sophisticated, requiring more government regulation and intervention (North 1985) , Motivated by this literature, we are interested in how information technology (IT) investments made by governments affect the size of government spending. Specifically, utilizing a data set from U.S. state governments, we examine the relationship between IT budgets of a state chief information officer (CIO) and state government size. We are interested in state government size because state governments provide a range of essential services to state residents such as transportation infrastructures or higher education. In addition-unlike federal agencies, each of which performs different functions such as national defense, regulation, or public welfare-state governments offer similar public services with each other.
As our primary measure of government size, we use the ratio of state government expenditures to state gross domestic product (GDP). This measure quantifies to what extent a state economy relies on a state government and is widely used in the public economics literature on government size (Rubinson 1977; Lowery and Berry 1983; Landau 1983 Landau , 1985 LewisBeck and Rice 1985; Borcherding 1985; Saunders 1993; Devarajan et al. 1996) . A larger share of government spending to GDP indicates that more goods and services are produced by a government, not by the private-sector market. Rubinson (1977) states that the share of government expenditures to GDP measures the ability of a government "to control the activities of the population within its boundaries" (p. 7). LewisBeck and Rice (1985, p. 4) state: "The salient issue is whether government has gotten larger relative to the rest of society." In essence, this measure is related to a philosophical and ideological discussion that we mentioned earlier on the proper boundary of the public sector in the overall economy. We suggest that IT should be part of this public discourse. Figure 1 shows the trend in the size of state governments from 1970 to 2011. In this period, U.S. state governments have experienced as much as a twofold increase in expenditures from 5% to 10% of the U.S. GDP. This share has climbed quite rapidly from 8.77% to 10.06% from 2008 to 2011, during which states endured financial and housing crises. However, it is interesting to see that state governments expanded their size between 1998 and 2003 during the "dotcom" boom and shrank between 2003 and 2007 after the dot-com bust. This is the case with local government expenditures as well. We investigate how this trend is influenced by internal IT investments in U.S. state governments. Table 1 shows the breakdown of total state government expenditures in all 50 U.S. states in fiscal year [2007] [2008] . It shows that approximately half of the state spending is appropriated to current operational expenses, which consist of salaries, wages, and nonsalary current expenses. Capital expenditures in such assets as buildings, equipment, and infrastructures account for 6.75% of state spending. State governments spend about 30% of their expenditures on intergovernmental transfer to local governments and school districts. Assistance and subsidies to individual citizens account for as much as 2% of state government expenditures. In §2, we explain how IT spending made by state CIOs affects these state government expenditures.
Drawing upon a variety of theories from multiple disciplines including IS, public administration, Downloaded from informs.org by [155.247.166 .234] on 22 July 2015, at 05:46 . For personal use only, all rights reserved.
and political sciences, we theorize the impact of CIO IT budgets on state government size. From public records and our phone interviews with senior IT officials in a large Midwest state, we find that state CIOs are responsible for managing statewide digital infrastructures, integrated enterprise systems, consolidated information resources, IT strategy, and policy management. Our IT budget measure captures the amount of all expenditures made by a state CIO to perform the above duties. We explain below that the size of CIO budgets indicates a strategic importance of IT within a state government and the organizational power and authority that the CIO has vis-à-vis other executives. We offer two opposing hypotheses on the effect of IT budgets managed by state central CIOs on state spending. On one hand, we argue that IT investments make state administration more efficient, productive, and transparent, leading to a reduction in state expenditures. On the other hand, we predict that state governments can utilize digital technologies in initiating a new range of public services that would not have been offered without IT, so that they fulfill unmet needs of the public and, in effect, expand the boundaries of state governments toward the private sector or other levels of governments.
Next, adopting the state government growth model proposed by Garand (1988 Garand ( , 1989 as our empirical framework, we examine the effect of CIO IT budgets on state government spending. We utilize data from a variety of sources. We obtained a data set on IT budget and IT organizations in U.S. state governments for 2001-2005 from the Compendium of Digital Governments in the States, published by the National Association of State Chief Information Officers (NASCIO). We collected state government spending data from the U.S. Census Bureau. We built a five-year unbalanced panel consisting of 190 observations in 44 states.
Our empirical analysis with the dynamic panel-data model (Blundell and Bond 1998) supports the hypothesis that a larger amount of IT investments made by a state CIO is associated with lower state government spending. We find that a $1 increase in IT spending by a state CIO is associated with a $3.49 reduction in total state spending. We find that this pattern is consistent with the use of different measures for government size and alternative empirical approaches. We have also examined the impact of IT on individual expenditure accounts (e.g., wages or subsidies) and specific government service areas (e.g., education or highway) and obtained interesting and more nuanced findings. For instance, we find that IT investments by state CIOs are positively associated with spending in higher education, police, and parks and recreation. Most significantly, CIO IT budgets have a negative impact on spending in general administrative functions such as financial, human resources, and facility management.
This work contributes to the IS literature by expanding the boundary of IS research on IT and organizational size to the public sector organizations, to which the IS research has not paid as much attention as it has to the business setting. We take an interdisciplinary approach to theorize the relationship between IT and government size based on the literature from political science (the theory of bureaucracy and public choices), public administration (public value theory) and industrial organization (the transaction cost economics and the agency model). Thus, we contribute to the IS literature by introducing a new boundary-spanning approach in theory development. Also, whereas a large body of the IT management literature studies the responsibility, authority, and structural power of a CIO within an organization and its performance consequences (e.g., Feeny et al. 1992 , Armstrong and Sambamurthy 1999 , Preston et al. 2008 , Preston and Karahanna 2009 , Banker et al. 2011 , to the best of our knowledge, this study is the first to investigate the size implication of CIO IT budgets.
The remainder of this paper is organized as follows. Section 2 offers our theoretical discussion and develops the hypothesis. Section 3 describes the data sources, measures, and methodology. Section 4 presents the results of our empirical analyses. Section 5 discusses implications and contributions. The paper concludes with limitations and future research directions in §6.
Theoretical Development

Related Work
The relationship between IT investments and organization size in the for-profit context has been among the key research interests in IS literature. For example, an industry-level analysis by Brynjolfsson et al. (1994) shows that the level of industry IT stock is related to a smaller size of firms as measured by the number of employees, sales, and value-added per establishment. Also, in an industry-level study, Wood et al. (2008) find that the relationship varies across the industry sectors; IT investments are associated with smaller firm size in manufacturing industries and with larger firm size in retail and service industries. Extending these studies, Im et al. (2013) find that the effect of IT on firm size is mediated by internal coordination costs. At an organizational level, Hitt (1999) finds that increased use of IT is associated with an increase in vertical integration and a decrease in diversification. In a study from the transportation industry, Baker and Hubbard (2004) Simcoe (2013) find that the adoption of computerized dispatching technology for a taxi fleet is associated with an increase in fleet ownership of taxicab firms. Forman and McElheran (2012) show that supplierfocused IT is associated with decreased within-firm transfers downstream.
The aforementioned studies primarily draw on IT productivity, transaction cost economics, and principal-agent models. These theories may not be entirely sufficient in explaining the impact of IT on government size for several reasons. First, as Table 1 shows, state government expenditures consist of not only current expenditures and capital outlays, which can be considered cost parts of the expenditures but also consist of intergovernment transfers or subsidies to local governments, school districts, and individual citizens. It is not straightforward to explain how IT affects this broad range of government spending only with theories rooted in the private-sector business context. Second, the public-sector organizations have different incentives and objectives from the for-profit firms. Unlike business organizations, governments do not have profit motives, nor do they experience competitive pressures. Rather, the literature suggests that governments are interested in maximizing their size (Miller and Moe 1983 , Banks 1989 , Horn 1995 . Third, government size is determined by a more diverse set of factors than firm size, such as the demand of citizens for government services and political interactions among government officials, elected representatives, and citizens. Hence, to address these challenges and to explain this multifaceted aspect of government expenditures, we draw on theories from the political sciences and public economics disciplines.
This work is related to a nascent research stream of IT value in the government sector (e.g., Perry 2002, Garicano and Heaton 2010) . For example, using the production function model, Lehr and Lichtenberg (1998) estimate IT productivity in U.S. federal government agencies. Using a stochastic frontier estimation approach, Pang et al. (2014b) find a positive relationship between IT spending and cost efficiency in U.S. state governments. The present study differs from Pang et al. (2014b) and others in that whereas Pang et al. (2014b) measure cost efficiency of states with current expenses and capital depreciation, which correspond to the first three items in Table 1 , this study investigates the impact of IT budget on the whole state expenditures. Furthermore, Pang et al. (2014b) are interested in how efficient a state government is given its size and scope, whereas this paper is concerned with how big a state government is relative to the state's overall economy. This difference is in parallel with two research streams in IS-the effect of IT on firm performance (Brynjolfsson 1993 , Dewan and Min 1997 , Melville et al. 2004 ) and on firm size (Brynjolfsson et al. 1994 , Hitt 1999 , Baker and Hubbard 2004 , Im et al. 2013 , and each stream is complementary to the other but distinct with respect to theoretical grounds and empirical approaches. Note that the relationship between organization size and efficiency is nontrivial and has been a central research topic in economics dating back to Coase (1937) and later, Alchian and Demsetz (1972 Although we find some general consistency in the roles and responsibilities of CIOs at the state level from the above evidence, to better understand the nature of CIO duties and budgets, we contacted the CIO and the Chief of IT Policy and Planning of a large Midwest state and conducted two separate phone interviews with each of them. Both interviews verified that the responsibilities of the state CIO are to formulate statewide IT strategies and policies, to manage statewide major IT projects such as interagency IT integration initiatives, and to manage IT capital investments. The CIO oversees and enforces implementation of IT strategies and policies across the state agencies by controlling IT capital budgets that are allocated to the state agencies' IT projects, which include investments in software. Succinctly, we learned that the state CIO is the steward of overall IT governance and strategy. Among other responsibilities, the state CIO may initiate and oversee projects that integrate and streamline enterprise IT applications, business processes, and data consolidation across agencies.
Theoretically, the size of budgets endowed to a state CIO represents his or her power within the state government. Buckley (1967) defines power as "control or influence over the actions of others to promote one's goals without their consent, against their will or without their knowledge or understanding" (p. 186). A large body of the management literature shows that the amount of resources given to an organizational function represents the power of the function vis-à-vis other groups within the organization (Pfeffer and Salancik 1974a, b; Pfeffer and Moore 1980; Hackman 1985; Mannix 1993) . Astley and Sachdeva (1984) state that one of the sources of intraorganizational power is "the capacity for obtaining resources from the environment and controlling the supply of these resources to others through processes of exchange" (p. 105). Thus, a state CIO who secures a larger amount of IT budgets is able to play a more powerful role in promoting strategic priority of IT and enforcing statewide IT management guidelines and policies. Feeny and Willcocks (1998) propose that for effective exploitation of IT resources, a CIO plays a leadership role to build the overall business perception of IT's role and contribution, to establish strong business/IT relationship at the executive level, and to leverage that relationship to achieve a shared vision for IT.
CIO IT Budgets Make a Government Smaller
IT resources that a state CIO manages-integrated enterprise systems, digital infrastructures, and information repositories-can help lower overall government spending by improving productivity of administration processes, decreasing monitoring costs of administration, and reducing transaction costs with external private-sector partners.
First, statewide IT infrastructures and integrated IS that state CIOs operate help state agencies digitize and modernize their business processes in a coordinated manner with an enterprise perspective. This is in line with prior research on IT and firm size, in which one of the primary mechanisms in the impact of IT on organization size is substitution with other production inputs (Brynjolfsson et al. 1994 , Dewan and Min 1997 , Im et al. 2013 . By automating and digitizing business processes, firms can reduce the use of labor, non-IT capital, and other production factors, leading to smaller firm size. A similar effect takes place in the government sector. North Carolina's eCITATION project (NASCIO 2006 ) is a notable example of this. This information system connects patrol cars of the North Carolina State Highway Patrol to the North Carolina Criminal Justice Information Network, so that the entire process of issuing, transmitting, and processing citations is executed electronically. This eliminates paper citations, redundant data entries, and time and resources consumed Downloaded from informs.org by [155.247.166 .234] on 22 July 2015, at 05:46 . For personal use only, all rights reserved.
in filling and processing paper tickets, reducing a sizable amount of labor and storage costs. This cost saving occurred because this project integrated application systems in several law enforcement agencies. This integration of multiple systems is facilitated by the state CIO's leadership role in championing enterprise IT strategies and standards. In this regard, we predict that state CIOs' IT investments in statewide digital infrastructures and enterprise systems will be associated with lower state spending.
Second, state CIOs manage integrated enterprise systems and consolidated data assets that help reduce government expenditures by alleviating information asymmetry between legislatures and government agencies and reducing internal monitoring costs. The theory of bureaucracy from the political sciences literature interprets the relationship between legislatures and government agencies with a principal-agent model (Moe 1984 , McCubbins et al. 1987 , Banks 1989 . The legislatures, who play a role of principal on behalf of citizens, delegate policy implementation and public service delivery to government agencies (agents), who possess a greater expertise and domain knowledge than the principals. However, this relationship involves conflicts of interests and information asymmetry. First, the principals (legislatures) and the agents (government officials) have different incentives. The theory of bureaucracy posits that the primary interest of the agents is to maximize the size of expenditures they manage, as it represents their power, authority, and prestige (Niskanen 1968, Miller and Moe 1983) . It is not congruent with the principals, whose interest is to offer the maximum value to their constituencies (Banks 1989) . Second, the principals do not have complete information or adequate expertise to monitor the agents' activities and evaluate their performance. Therefore, in the presence of such information asymmetry and divergent interests, the government agencies may spend larger amounts in expenditures than in the absence (Banks 1989) .
We expect that digital infrastructures and integrated IS across state agencies will generate a broad range of information on administration, which makes it easier for legislatures to monitor the agencies' day-today activities and decision making and to assess their performance. Thus, statewide performance information collected from integrated enterprise systems can reduce the information asymmetry between the principals and the agents, such that the principals (i.e., legislatures) prevent agents (i.e., government agencies) from making unnecessary, wasteful expenditures. Based on the model of Banks (1989) , we prove that a smaller auditing cost that the legislatures incur is associated with a reduction in the amount of agency expenditures. (See Appendix A for the proof.) Furthermore, Banks and Weingast (1992) suggest that the information asymmetry in governments can be further addressed by information input from citizens. In recent years, following the "open government" movement, many governments are beginning to make more information on government administration available to the citizens (Rodríguez Bolívar et al. 2007, Lee and Kwak 2012) . For instance, the National Taxpayers Union was able to discover a substantial amount of illegitimate expenditures in the State of Missouri agencies via the Missouri Accountability Portal 6 (Government Technology 2008). This website publishes comprehensive financial records of state agencies on a daily basis, which help citizens monitor state officials' activities and detect their unnecessary use of tax revenues. The City of New York also operates a similar website called NYCStat, 7 which posts a variety of information related to city-wide services, including city agency performance records and customer satisfaction reports (Public CIO 2009 ). Banks and Weingast (1992) state that the citizens can aid their representatives by gathering and providing information input that the legislatures can use to control the bureaucratic agents, further restraining the size of government expenditures. Standardized digital infrastructures, integrated enterprise systems, and information governance spearheaded by a CIO enable a state to consolidate the state agencies' information on performance and spending, as in the Missouri Accountability Portal described above, which legislatures and citizens can use to oversee state agencies.
Third, interorganizational systems on top of the integrated systems and standardized technology infrastructure can decrease the costs of transaction and coordination between state governments and privatesector firms that supply what used to be governmental services. For the last several decades, privatetization of government services has been promoted by elected representatives, based on the rationale that business organizations with profit motives can supply public services more efficiently than governments do (Dunleavy and Hood 1994 , Lane 2000 , O'Flynn 2007 .
Drawing on transaction cost economics, the IS research on firm size posits that IT reduces external transaction and coordination costs with suppliers, leading to smaller firm size (Gurbaxani and Whang 1991 , Brynjolfsson et al. 1994 , Hitt 1999 , Wood et al. 2008 , Forman and McElheran 2012 . It shows that the use of interorganizational IS facilitates coordination and communication with external partners. Information sharing with supply chain partners lessens information asymmetry between the focal firm and its partners and makes performance monitoring more effective, further reducing transaction costs. This favors sourcing from external suppliers over vertical integration.
A similar argument can be made in the government context. By reducing external transaction costs, flexible digital infrastructures and integrated application systems will facilitate the privatization of public services, shrinking government size. For example, states such as Nevada and Utah set up websites that allow third-party vehicle inspection stations (forprofit firms) that conduct safety and emission tests to access the states' vehicle registration systems (NASCIO 2009 ). The inspection stations now process vehicle registration renewals on behalf of the states, so that customers do not need to visit an office of Department of Motor Vehicles. In essence, the states have privatized part of the vehicle renewal process by opening up the system to the external privatesector providers. The enterprise IT architectures and standards that the state CIO enforces across the state make it seamless for the executive branches to coordinate and collaborate with external third-party organizations and businesses, facilitating privatization of government activities.
In sum, we argue that IT investments by state CIOs in statewide technology infrastructures, enterprise systems, and IT standards and governance are associated with a reduction in government size by (i) reducing the use of other input factors such as labor, (ii) enabling legislatures and citizens to better control and restrain the agencies' interests to expand spending, and (iii) facilitating privatization of government production. Based on the foregoing discussion, we propose the following hypothesis.
Hypothesis 1A (H1A). The size of CIO IT budgets in a state is associated with lower state government spending.
CIO IT Budgets Make a Government Bigger
State IT investments made by a state CIO can lead to growth in state expenditures in the following two ways. First, state digital infrastructures and enterprise systems supported by state CIOs can enable entrepreneurial initiatives of state governments by helping create a new set of public services that would not have been possible to offer without IT. The public administration literature points out that it is the governments' responsibility to cope with economic and societal challenges, such as housing and financial crises, pandemic diseases, or environment protection, which continue to rise and evolve (Moore 1995 , Swilling 2011 . Furthermore, the literature emphasizes that for the governments to better handle these matters, the public sector managers need to take a strategic, entrepreneurial approach, as business managers do (Moore 1995 , Stoker 2006 , Alford and Hughes 2008 . This is because their expertise, ingenuity, and creativity in public management (Williams and Shearer 2011) put them in a great position to fulfill the public's needs. Proactive public managers take advantage of flexible digital infrastructures and integrated enterprise systems for their entrepreneurial endeavors (Pang et al. 2014a) .
A range of anecdotal evidence suggests that integrated enterprise and interorganizational systems are pivotal in implementing state governments' entrepreneurial endeavors. For instance, California and Utah initiated intelligent traffic management programs to mitigate worsening traffic congestions in their metropolitan areas (NASCIO 2005b (NASCIO , 2008 . Both state governments recognized that building expensive transportation infrastructures can no longer solve the congestion problems. Instead, they adopted stateof-the-art traffic management systems that consist of sensor technologies in roads and bridges, data warehouses and data mining, and integration with local government IT systems. To contain emerging threats from pandemic diseases and bioterrorism and to quickly respond to statewide emergency situations, the State of Illinois expanded its efforts to monitor a statewide disease spread. It developed a public health surveillance system with intelligence gathering from local medical facilities, federal agencies, and real-time analysis and reporting features (NASCIO 2009). These examples illustrate that public managers, whose primary responsibility is not profit maximization or cost reduction, but fulfillment of the mandates from the public with any means necessary, can strategically utilize flexible enterprise architectures and standardized digital infrastructures, which enable their initiatives to expand the reach of governments. It is evident in the Federal Health Insurance Marketplace (Healthcare.gov), which is a central piece of the Affordable Care Act that expands the role of the U.S. federal government in healthcare.
Second, digitally enabled monitoring and coordination allows state governments to assume greater control over functions that external organizations would otherwise handle. Previous research in IT and firm boundaries predicts that advanced communication and integration technologies make it less expensive for an organization to control assets and employees and to coordinate internal functions, leading to an increase in asset ownership. Baker and Hubbard (2004) and Rawley and Simcoe (2013) empirically confirm this effect. Dunleavy et al. (2005, p. 467) predict that in what they call the "digital-era governance," government functions that had been privatized for the last several decades will be reintegrated into the public sector organizations. They reason that if a digitized, modernized government is able to offer public services at least as efficiently as business firms do, Downloaded from informs.org by [155.247.166 .234] on 22 July 2015, at 05:46 . For personal use only, all rights reserved. Table 2 Summary of Explanations
Negative impacts of CIO IT budgets • Digital infrastructures and integrated systems make government production more productive and efficient, reducing the use of other inputs.
• Digitized processes and integrated enterprise systems make performance monitoring and audit by principals (legislatures and citizens) less costly.
• Reduced transaction and external coordination costs from interorganizational systems promote privatization of government services.
Positive impacts of CIO IT Budgets • Integrated enterprise systems and information resources support state governments' strategic initiatives with a new set of public services that the governments would not be able to provide without IT.
• IT-enabled monitoring and coordination allows state governments to assume greater control over functions that external organizations would otherwise handle.
it will take over production of the services that had been relegated to the private sector. We point out that with integrated enterprise systems and centralized information repositories managed by a CIO, a state government can expand its boundary toward public services that have been offered by governments in other levels-the federal or local governments. For example, several state governments are involved in facilitating a job search of the local unemployed and business development of local entrepreneurs, both of which have been considered by many to be a role of the private sector. To support these efforts, U.S. states such as Michigan and Washington are using online channels, internal information resources for local businesses and regulations, and statewide integrated systems for privatesector economic development (NASCIO 2005b (NASCIO , 2007 . State governments are also expanding their functions by playing a coordinating role across local jurisdictions in public services that individual municipalities have traditionally administered, such as emergency responses, police, or land management and conservation.
8 This is possible since coordinated public services offered by state governments, which integrate some local government functions, are more efficient and less redundant than those provided by individual localities. Through extensive use of interorganizational IS and digital technologies, some state governments are even spreading their reach into such federal functions as homeland security and information security (Emergency Management 2013).
In IT-driven strategic initiatives that aim to expand state government boundaries, the role of a state CIO is crucial. In order for a state government to create IT-driven public services, the state CIO with deep knowledge and expertise in IT needs to play a pivotal role in leading state agencies to utilize cutting-edge In sum, IT investments made by state CIOs can lead to larger government spending in two ways-(i) by enabling strategic initiatives that fulfill unmet, emerging needs of the public and (ii) by expanding the reach of state governments toward federal and local jurisdictions or the private sector. Based on this discussion, we offer the following hypothesis. Table 2 summarizes our explanation in this section. 
Hypothesis 1B (H1B
Empirical Methods
We adopt the state government growth model of Garand (1988 Garand ( , 1989 as a basis for our empirical analysis. Table 3 describes the variables and data sources. More detailed descriptions on some of the variables are available in Appendix B.
As we mentioned above, we measure state government size with the ratio of state government expenditures to state GDP. In measuring government size, we follow Garand (1988) by using different price deflators for government expenditures and GDP. Public economists argue that due to inherent inefficiencies in the public sector, government expenditures may increase to a greater extent than private sector spending does (Larkey et al. 1981) . Garand (1988) states that "if inflation rate is higher in the public sector, the share of total economic output going to the governmental sector will increase even if the scope of government activity remains constant" (p. 842). 
where EXPEND k t is total general expenditures of state k in year t, and GDPDEF t and SLDEF t are the implicit price deflators for GDP and state/local government purchases, respectively. Therefore, according to Garand (1988) , this measure in Equation (1) Table 4 shows the list of states and the number of appearances in our data set. Student's t-tests do not reject the hypotheses that with respect to population, GDP, and total expenditures, the states in Table 4 do not differ significantly from those that are not in the data set.
To be consistent with the prior research on state government size in public economics and political sciences, we adopted several control variables from the empirical model of Garand (1988 Garand ( , 1989 as follows (Table 3) . First, we add a lagged government size variable (GOVperGDP t−1 , GOVperPOP t−1 as a control variable. Garand (1988) points out that theoretically, government spending in year t − 1 is a significant predictor for that of year t. This is because government expenditures are sticky (Davis et al. 1966 , Hoole et al. 1976 , Lowery et al. 1984 and do not change yearby-year drastically. A government budget in a given year is largely appropriated based on the prior year's budget and adjusted incrementally from the preceding year (Davis et al. 1966 (Lybeck 1988 , Gemmell 1993 ) suggests that government size is a function of industrialization, economic affluence, and population growth. To account for this, Garand (1988 Garand ( , 1989 uses income and population as explanatory variables. Third, the fiscal illusion theory suggests that certain tax systems may hide the real costs of government production. This leads taxpayers to underestimate the true taxprices and thus to demand production of more government services than they would if they are aware of the underlying costs. Such tax systems includes income withholding (personal income tax), indirect taxes (corporate income taxes), and complex tax systems. Also, a high level of public debt and intergovernmental revenues from the federal government may also contribute to this fiscal illusion (Grossman et al. 1999 , Geys 2006 . We control for five indicators of tax and fiscal systems in our estimations as shown in Table 3 . This fiscal illusion theory suggests that the signs of INDTAX, CORPTAX, DEBT, and FEDGRANT are positive, whereas that of COMPLEX is negative, as a high Herfindahl index indicates a simple tax system. The detailed description for COMPLEX is available in Appendix B.
Fourth, the party control theory argues that "government growth is systematically related to control of governmental policy-making institutions by the liberal party within the state political system" (Garand 1988, p. 839) . This suggests that political control by the Democratic Party is related to greater government spending. We control for two variables (GOV-ERNOR and LEGIS) that represent political control in a state's executive branch and legislatures, respectively. Fifth, as Becker (1983) explains, government expenditures are also determined by the influence of pressure groups. One such pressure group is government employees, who as voters may demand an increase in government spending to expand their power and to ensure their job security. Following this bureau voting theory, we include the ratio of state government employment to state population (EMP) as a control variable. Last, though not included in Garand (1988) 's model, budgeting processes may affect the size of government expenditures (Crain and O'Roark 2004, Klase and Dougherty 2008) . According to NASBO, two budgeting processes are the most widely used-program budgeting and incremental budgeting (NASBO 2008) . The former refers to a budgeting based on program goals and objectives, and the latter is based on incremental changes in budgets from previous fiscal years and appropriation trends. We include two dummy variables for the budgeting processes (PROGBUD and INCBUD). We obtained state budgeting information from the Budgeting Process in States published by NASBO.
Our complete empirical model is presented as the following equations. where IT = ITperPOP or ITperGDP and k and t represents a state and a year, respectively. Consistent with the prior literature, we chose a two-year lag of IT measures (ITperPOP k t−2 and ITperGDP k t−2 , as the impact of IT investments is unlikely to materialize immediately due to organizational learning and adjustment effects (Brynjolfsson 1993 ). However, we estimated the models with different lag lengths, and the main results do not change considerably. Tables 5  and 6 provide the summary statistics and the correlations between the variables, respectively. There are several challenges in empirically estimating Equations (2) and (3). As government spending is likely to be affected by state-specific unobserved heterogeneity (v k that may be correlated with explanatory variables, state time-invariant fixed-effects need to be accounted for. However, the fixed-effects estimation does not completely control for the correlation between v k and the lagged dependent variable (GOVperGDP k t−1 and GOVperPOP k t−1 (Roodman 2009b ). Thus, we estimate Equations (2) and (3) with a dynamic panel data model with the System Generalized Method of Moment (GMM) estimation Bover 1995, Blundell and Bond 1998) . We chose the System GMM model over the Difference GMM model (Arellano and Bond 1991) because the former does not drop the first-year of observations.
10 Appendix C offers a brief description of the dynamic panel data estimation. We include year dummies ( t in Equations (2) and (3) to account for nationwide trends in political and economic environments and to ensure that there is no autocorrelation between idiosyncratic disturbances ( k t (Roodman 2009b ). In addition, to address potential over-identification issues, we follow Roodman (2009a) by including only the first four lags of government size as instruments for the lagged dependent variable. Table 7 presents the estimation results of Equations (2) and (3) with the System GMM model. Columns 1 and 4 show the estimation without IT variables for the 12-year observations from 2000 to 2011. The positive coefficient of INCOME (median household income) in column 4 confirms Musgrave's hypothesis (Gemmell 1993 ) that demands for government outputs increase in income level.
Results
11 Relevant to fiscal illusion theory, the coefficient of tax complexity (COMPLEX) is negative and statistically significant in all estimations but column 4. Because a smaller Herfindahl index indicates a more complex tax system, 12 it appears that states with more diversified revenue sources demonstrate higher expenditure figures. The positive coefficients of FEDGRANT and DEBT show that a large amount of federal grants and debts is associated with a higher amount of government expenditures, as predicted by the fiscal illusion theory. Table 7 also shows that states with more Republican state legislators (LEGIS) are likely to exhibit lower expenditures. These results are Table 6 Correlation Table generally consistent with past findings on government size, thus supporting the reliability of our data set and estimation approach.
Next, when we add ITperPOP and ITperGDP (state CIOs' IT budgets) into the model, its coefficient is negative and significant, supporting H1A. This indicates that IT investments managed by state CIOs are negatively associated with state government expenditures. This is the case whether the dependent variable is normalized by either state GDP (columns 2-3) or population (columns 5-6). The coefficient of ITperGDP (the percentage of CIO budget to state GDP) in column 3 suggests that a $1 increase in the IT budget of a state CIO is associated with a $3.49 reduction in total state government expenditures. 13 This negative impact of IT on government size persists when we vary the laglength of IT measure from zero to four years (Table 8) .
Following the approach of Levine et al. (2000) , we have conducted several specification tests for the dynamic panel data estimation. Hansen J tests in Table 7 show that the null hypotheses of overidentifying restrictions cannot be rejected, supporting the assumption that the instrumental variables are exogenous (Hansen 1982) . In addition, Arellano and Bond (1991) tests do not indicate the presence of second-order correlations in differenced error terms ( k t in all estimations in Table 7 but column 4.
To further investigate the relationship between CIO IT spending and state expenditures, we measure the impact of IT on individual expenditure accounts as shown in Table 9 . All of the dependent variables are normalized by state GDP. Whereas internal IT spending has a significant impact on state expenditures (Table 7) , it does not on tax revenues (Table 9 , column 1). Whereas more efficient and transparent government administration may need a lower amount of tax revenues, anecdotal evidence suggests that automated business processes and use of business intelligence in tax administration increase collection of tax revenues that would otherwise have been unpaid (Government Technology 2010a, b) . Although the size of IT budgets does not have a significant impact on the amount of wages (column 3), it does negatively influence both the size of current expenses (column 2) and the combined amount of capital outlays and current expenses (column 5), providing some evidence that IT spending by a state CIO reduces the costs of state administration. Table 9 , column 6, also shows that IT budgets are negatively related to intergovernmental grants to local governments. It appears that enterprise systems and architectures for information sharing built by state governments improve the productivity of local governments as well. Although the Table 7 The Baseline Estimation Results
Dep. var. Expenditures/GDP (GOVperGDP t ) Expenditures/Population (GOVperPOP t )
Method Two-step system GMM estimation b p-value. The null hypothesis is that the instruments used are exogenous. c p-value. Arellano-Bond test for AR(2). The null hypothesis is that the errors in the first-difference regression exhibit no second-order serial correlation. * p < 0 1; * * p < 0 05; * * * p < 0 01.
coefficient of ITperPOP in column 8 is negative, it seems that IT investments by state CIOs do not affect the amount of interests on debt service significantly. Using ITperGDP instead of ITperPOP in Table 9 does not change these results drastically. Additionally, we analyze the impact of IT on expenditures in individual state service areas (Table 10) . As in Table 9 , all of the dependent variables are normalized by state GDP. Interestingly, the coefficients of state IT spending for expenditures in education (column 1), police (column 7), and parks and recreation (column 11) are positive and significant, in contrast to the finding from Table 7 . We further broke down education spending on primary (K-12) and higher education. Table 10 demonstrates that the coefficients of ITperPOP in columns 2 and 3 (primary and higher education) are negative and positive, respectively. The effect of IT on healthcare (column 5) and housing and community development (column 10) is estimated to be negative and significant, whereas that Downloaded from informs.org by [155.247.166 .234] on 22 July 2015, at 05:46 . For personal use only, all rights reserved. Table 8 Estimation a p-value. The null hypothesis is that the instruments used are exogenous. b p-value. Arellano-Bond test for AR(2). The null hypothesis is that the errors in the first-difference regression exhibit no second-order serial correlation.
* p < 0 1; * * p < 0 05; * * * p < 0 01.
on police (column 7) and parks and recreation (column 11) is positive. As we discussed in §2.4, anecdotal evidence illustrates that IT investments of CIOs help states expand their strategic role in emergency management, homeland security, and land conservation. Also interesting to note is the negative coefficient of ITperPOP on expenditures in the area of general administration (Table 10 , column 12), which the U.S. Census Bureau defines as government units for financial administration, tax collection, judicial and legislative branches, human resource management, and facility management. 14 It appears that IT makes government administration more efficient by reducing expenditures on back-end supporting administrative functions. Once again, using ITperGDP in lieu of ITperPOP in Table 10 does not change these results substantially.
We have conducted a series of robustness checks as shown in Table 11 . First, we adopt several alternative measures for government size such as the number of state employee per capita (column 1) and government expenditures per employee (column 2). The IT budgets of state CIOs are negatively associated with state expenditures per employee (column 2), whereas the size of state employment is not affected by CIO IT spending. In our baseline estimation, we use the government size measure in Equation (1), in which different price indexes are used in the numerator and the denominator, in accordance with Garand (1988) . Alternatively, we estimated the model (Equation (2)) with GOVperGDP k t = EXPEND k t /GDP k t , which does not use the different price indexes, and obtained a very similar estimation result (column 3). As state governments financially support local governments via intergovernmental grants, we measure the impact of IT on the total combined expenditures of state and local governments divided by state GDP (column 3). 15 We find that the coefficient of ITper-POP is negative and statistically significant. Also, to show that our result is robust to alternative estimation approaches, we use the Difference GMM (Arellano and Bond 1991) (Table 11 , column 5) in lieu of the System GMM in estimating Equation (2). The coefficient of ITperPOP is still negative and significant. We also estimated the model in Equation (2) without normalizing variables with GDP or population and did not obtain a substantially different result.
So far, we have examined the impact of CIO IT budgets on state expenditures. However, in some states, state CIOs control a small portion of total IT expenditures, the rest of which are made by other executive branch agencies. As stated above, our NASCIO data set reports the executive branches' IT budget information only in 29 states, compared to the state CIO budgets in 44 states. To further affirm our finding that state IT investments affect state government size, we examine the impact of total statewide IT spending on state government size. As shown in Table 11 , column 6, although the number of observations (95) is smaller than in Table 7 , the impact of the entire state IT budget on state government expenditures is still negative and significant. (2001) (2002) (2003) (2004) (2005) . a All dependent variables are normalized by state GDP. b p-value. The null hypothesis is that the instruments used are exogenous. c p-value. Arellano-Bond test for AR(2). The null hypothesis is that the errors in the first-difference regression exhibit no second-order serial correlation. * p < 0 1; * * p < 0 05; * * * p < 0 01. Hansen J test p-value. The null hypothesis is that the instruments used are exogenous. c Arellano-Bond Serial Correlation Test for AR(2) p-value. The null hypothesis is that the errors in the first-difference regression exhibit no second-order serial correlation.
intergovernmental grants from the federal government toward state IT spending, 19 which is available for all 50 states. In Table 11 , column 7, we use the per capita amount of federal IT grants to a state government as an IT variable. This variable measures not only IT investments of states but also their IT capabilities, since federal agencies determine the amount of grants to the states by evaluating various factors including their strategic IT plan, IT operations and infrastructure, and the availability of matching funds from the states. As shown in Table 11 , column 7, the coefficient of IT is negative and significant as 19 The list of federal grant programs to state IT investments is available from the authors on request.
well. Whereas federal IT grants support a small portion of IT expenditures in states, this estimation with 600 observations in all 50 U.S. states for 12 years (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) provides further evidence that IT investments made by state executive branches outside of the CIO office are also negatively related to state government size.
Discussions
Motivated by the fact that government growth is a persistent and prevalent phenomenon in many industrialized nations (Saunders 1993) , we aim to investigate whether and how IT investments in the public sector affect this trend. Our empirical analysis strongly supports the hypothesis that more IT Downloaded from informs.org by [155.247.166 .234] on 22 July 2015, at 05:46 . For personal use only, all rights reserved. 
IT 0 This research contributes to the IS literature by proposing a new theoretical perspective with an interdisciplinary approach that integrates theories from the IS, public economics, and political sciences literatures. To the best of our knowledge, only a handful of studies have examined the impact of IT investments on government finance (e.g., Pang et al. 2014b) , although a substantial amount of tax revenues are being spent in IT every year. In addition, few prior studies have examined the relationship between IT and government size. Thus, our study contributes to the IS literature by offering quantitative empirical evidence that CIOs' IT budgets do reduce the size of government. Our research is also the first to study Downloaded from informs.org by [155.247.166 .234] on 22 July 2015, at 05:46 . For personal use only, all rights reserved.
the organizational impact of a CIO's IT investments on the size of a multidivisional organization. This study shows that the strategic and coordinating role of the central CIO in organization-wide IT management, supported by sufficient budgets bestowed to the CIO, is a key factor for effective utilization of IT resources.
This study offers meaningful implications for policy makers and IT managers in public-sector organizations. We inform policy makers that for IT to be a key factor for government transformation, governments need to support the duties of a central CIO in overseeing and orchestrating organization-wide IT operations by appropriating sufficient resources to his or her functions. Also, policy makers can exploit IT to make government administration more transparent by promoting open government data initiatives involved with collecting real-time and fine-grained information on decision makings and publicizing it to the public. As shown by the present study, enhanced transparency by enabled IT will help governments reduce overall expenditures and close gaps in budgetary deficits.
Conclusion
In conclusion, we attempt to move the frontier of IS research to the public sector setting by studying the relationship between IT investments and state government size. To the best of our knowledge, the public sector is a domain that has not been extensively studied in IS research, despite a substantial amount of investments in IT made by public organizations. We expect that our study sparks new interests in further research in the government setting among IS scholars and helps bring new audiences to the IS discipline.
The present study is not without limitations. First, the theoretical development in §2 may not fully explain every aspect of government expenditures. Future research can further review the literature on government size and build a more integrative economic model that theorizes the effect of IT investments on government spending. Second, on the empirical side, although we use appropriate econometric techniques to estimate a causal relationship between IT budget and government size, there may be omitted variables in our estimations.
Because this is one of the earliest studies on IT business value in the public sector, there are numerous opportunities for future research. The present study discovers that internal IT investments reduce the size of government expenditures, but it is unclear whether such a reduction effect comes from decreasing the amount of or deteriorating the quality of public services. An unanswered question therefore is whether government IT spending can generate value by improving the quality of public services. Researchers may study the relationship between IT investments and service quality such as education, public safety, or healthcare quality. We expect this study to spark further interests among IS researchers on IT value in the public sector.
This study measures a relatively short-term impact of IT on government expenditures. Future studies may investigate its long-term effect on government size. It may be the case that in the long run, an improvement in efficiency and productivity of government production driven by IT increases the demands for public services. It would therefore be interesting to investigate how the short-term and long-term influence of IT spending differ in the public sector. Also, researchers may study the incentives of IT spending in governments. One might wonder why governments would invest in IT in the apparent absence of profit-seeking motivation and competitive pressures. We find that government IT investments are associated with smaller government, an effect that is in contrast to bureaucrats' interests to maximize their expenditures (Niskanen 1968, Miller and Moe 1983) . What factors motivate government officials to invest in IT? There must be interesting explanations from economic, political, and behavioral points of views that future research can explore. 
Tax Complexity (COMPLEX)
We calculated a Herfindahl index of seven tax categoriespersonal income tax, corporate income tax, property tax, sales tax, license tax, severance tax on extraction of natural resources, and other taxes. Suppose that t i is the ratio of tax revenues in Category i to total tax revenues. Then, the Herfindahl index is calculated by 7 i=1 t 2 i . This measure is greater as the state tax system is simpler.
Mean Debt Level (DEBT) and Federal Grant (FEDGRANT)
From the State Government Finances from the U.S. Census, we take an average of the beginning-and end-level of state debt in each year and divide it by the state population (DEBT). Also, we take intergovernmental revenues from the federal government and divide it by the state population (FEDGRANT).
Party Control of Legislatures (LEGIS)
We calculated the ratio of Republican state representatives in the state house and Republican state senators in the senate, respectively. Then we added the two and divided by two. Thus, LEGIS is between 0 and 1. For Nebraska, which has a unicameral legislature, we use the ratio of Republicans in its legislature for LEGIS.
Appendix C. A Brief Description of the Dynamic Panel Data Estimation
Consider the following model:
where v i and u it are time-invariant individual-specific heterogeneity and residuals, respectively. A challenge in estimating Equation (C1) is that a fixed-effects estimation is unable to eliminate correlation between the lagged dependent variable (y i t−1 and v i (Nickell 1981) . One solution to address this issue, proposed by Arellano and Bond (1991) , is to take the first-difference as follows:
A weakness in this Difference GMM approach, however, is that it loses the observations in the first year (t = 1 , reducing the number of available observations for estimation. This problem is exacerbated with an unbalanced panel; if y it is missing, both y it and y i t+1 are unavailable for estimation (Roodman 2009b ). An alternative to the Difference GMM is to eliminate fixed effects using all future available observations. Specifically, Arellano and Bover (1995) propose that a variable w it is transformed by
In essence, this System GMM subtracts the average of the available future observations up to t = T from w it (Arellano and Bover 1995) . It is multiplied by T − t / T − t + 1 to obtain the same variance.
Next, with the variables transformed by Equation (C3), we obtainy it =y i t−1 +X it +ǔ it (C4)
